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Two a t  the station 'from which tlie bnlloon is lwitig 

One a t  the other station (the distant station). 
Two in the ofice computing. 
A t  tlie home station, one of tlie ohservers follows tlic 

balloon. The other, who is at the telephone, gives the 
needful time signals and transniits the ohservations of 
his own station to tlie office: the observer a t  tlic distant 
station transmits his own ohservittiolls on hearing the 
tinie signals given by tlie home obseyver. T o  prcrent any 
confusion, the routine adopted is for the distant obsorrer 
to send his resdings t,hrougli h t ,  and for the home 
st,ntion to send tizeirs inimedia.tely a.ftermnrtls. 

The one. \n-ho is 
wenring the telephone receives the observations mid notes 
them on the special form, a t  tlie same time giving them 

released (the home station). 

In the office there are two computers. 

rcdxilly to t1i.c sncond conipii tcr, wlio t s  thtm on his 
rnrliitl c.1itu-t aiid reads oil tlio rnlues €lcotE/(iC)O, wind 
spcetl and direction. He gives these to tlie iirst cwnlputer, 
who enters them on the f o r i  and, by means of the slide 
rule, calculates the height of the balloon above each 
station. ?'lie n~?:essary ciimputing is dime hefore the 
readin? for the nest niinute becomes clue. Thus the 
~ - 1 ~ d e  work can he done during the balloon ascent,. and 
rcsul ts me 01) t.ainetl just n.s rapidly ns mi tli singlc-theodo- 
lite olxmvntions. 

T&;)hone rwnnectims  re nvn.ilnhle nt en1111 n.ng1e of tl . 
trirtngle, which is naa.rly equilat,eral, with sides whirh are 
nhnut 4,000 fcet long. The hnse used may be m y  one of 
the sides of this triangle, and the particular side to he 
used is t.hst which will be most nearly a.t right angles to 
the pat,li of the balloon. 

FREE-BALLOON FLIGHT IN THE NORTHEAST QUADRANT OF AN INTENSE CYCLONE. 

By Lieiit . C. LEROY >IEISIXGER, Signal Corps !deteorolngical Service. 

[Dated: Fnrt ~Jniilxi, Ncbr., Mar. 28, 1819.1 

At 3:37 on the niorning of Mtircli 14.  1919,  thc wit.er 
a.rt;icipabed in a frec-ha.lloon flight frvm Fort Omaha, 

Rebr. The balloon hncl tt cnp3cit.y of 35,000 cubic fect 
and carried a pnrt.y of five, piloted hy Lieut,. Ralph A. 
Reynolds. Owing to a aomew1in.t gusty enst w i d ,  
which seemed to hear t.he bolloon down upon the ground, 
the oscillations of the bag were so sewrc RS t.0 c t m w  t,lw 
basket to crmh into t.he grouud on the getnwav, rciidcring 
the barograph useless. Ne\-ert>lirless, the wholc osperi- 
ence w n s  one of henut,y-t,he fi i l l  n i o i ~ i  ~~IJOTC t?ie fog 
hillows, the sunrise, n n r t  finally tho 1:xiding in t.he fog. 
A t  9:10 a. loncling was eficct.ec1 in  A 5cld n.l)out s milw 
southeast. of Gocltl~s, S. Dak.-an air-liw clistnucc? c ~ f  2.2 
kiloniet.eis from t.ho starthig point,. 

Tshlc 1 is a suiniiinry of t.he fight: 

TABLE l.--Rcrord oJfrc~-balloon iwyagp, i l h .  r-i ,  1913. 

Timc. 

A .  Y. 
337.. ..... 
4:47.. ..... 
3 5 . .  ..... 
4: m... .... 
4 2 2  ....... 
4 3 1 . .  ..... 
4 : w . .  .... 
5:Oi.. ..... 
f:?. ...... 
537.. ..... 
553.. ..... 
6:ni..  ..... 
6:2?. ...... 
6:37.. ..... 
6:5?. ...... 
7:07.. ..... 
7:?2.. ..... 
707 ....... 
7:5?. ...... 
R:o7.. ..... 
H:?2.. ..... 
8:37.. ..... 
8352.. ..... 
9106 ...... 

Altitivlr 
falti- 
meter 

sot 0 3 t  
Fnrt 

Omaha'). 

'r.8hahi 
dirt.-- 
t i  n nf 
travel. 

IV . 
I\'. 
N. 
N. 
N. 

NW. 
?i 11- . 
NW. 
M V .  
N W .  m . 
\I, . m . 
1v . w. 
117. x\v. 

NU'. 
NW. 
NW. wv. 
NW. 
N W .  ........ 

... 
3n 
Z'E 
21: 
''R 
?A 
?d 
?'2 
?2 
21 
3 

42 
33 

I ?$ 
4s 
3R 
39 
.> 9 
26 

30 

......... 
1 Thermometer of cheap commercial make. 
3 IAt  mniind. 
a W i n k &  reset bv ahrut I 100 fed after trail rclw tour1w.d eriwwi. 
4 TQrnperstiue unFertain, a8thermomPtrr \vas not shiolilrtl Ira ni sun. 
6 Landed 3 miles southeast of Qedder. S. Dck. 

First, let us consider the ressure distribution on the 

There was an area of high pressure over eaitern Canada 
and a low-pressure mea centered in northern Colorado. 

morning in qudtion, name P y) March 14. (See fig. 1.) 

FIi;. l.-Wc:ither map, 7 a. m. .  90th mcridisn time. Xar. 14, 1919; and probal>le 
routc tiken by 11;e luilnun. 

with ti very low strotus sheet, thc hase of which WRS not 
o-rer 300 fcet a h - e  the gzotind. As nenrly R S  cou!d he 
judged, these clouds mere moying aboiii 0 meters per 
second from the east. The balloon, of course, left the 
ground movin west and maintained this direction while 

&ud layer, for i t  was not wry thick, we encountered 
passing into t 5 e clouds. Quickly passing through the 
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a. nc7v stratum of air moving in a iiew directmion and with 
c.onsiclerablp greater speed. The sky above was clear. 
In  the southwest t,he full face of thc moon, npnge- 
colored, beamed ovcr t,he soft blue-gray fog b ~ l l o ~ s .  
Our new clircction ancl speed were cvitlenced hy two 
plit.noniena : 

First,, tlie flags suspended from the rigging suclclenly 
heoan t.o whip nhout quitme violent.ly; nnd 

Se:cond., 1 1 ; ~  ( * I i w &  brlow appeared t.o be travcliiig at. n. 
trenim. l r ~ i i f i  spct.11 :iw:iy from us and directly toward the 

T h e  first. phenomenon. which is very .common in bal- 
looning, inrlir.nt.es the turbulence whlch IS present nt t,he 
interface of two layers of air. The second ran be proved 
to show t h t  we hail asrumed a new dire:tion, nilniely, 
north. It, seems prohahle that the direction of motion 
of tho upper surfwe of tlie stratus cloud was t o w d  the 
northwwt: t1ia.t8 is, parallel to the isobars, a direction 
which the gradient wind would t&e. Tlie t ~ p  larent 
mov-snient of the clouds was toward the west-sout I iwest, 
which, could be accounted for by the movement of the 
balloon nortliwitrd. 

About hnlf an hour after risii!g above tlie low strntus 
cloud, me began to settle into it. More and more fre- 

uently we encountered huge mountains. of fog, until 
2uallp we were coiiipletely eiivelopecl by It. ~ \ + e t i  the 
gmy brig overhead was scarcely to be discerned. One 
can not conceive of a more perfect picturization' of the 
word "void." Above, below, and on either littad lay 
an ocean of soft, neutral nothingness. Indeed, the 
words, "Abandon hope, all ye who enter here,'? were 
c.onst,nnt~ly recalled to our minds. We drifted thus for 
almut two hours and one-half, with the altimeter reading 
between 1,500 and 2,000 feet. 

Yet t h e  was no monotony, for, in spit.e of tlie clrearg 
aspect of the surrounding niediuiii, there w:i.s B st8a.rtmlhg 
clenimcsa tn the crn-xiiig ( I !  t.hc roi.isti!rs i itd t,o ot,licr 
f:liiiynixl nt-liws. 13iit \I-(! tlis~?iis.;seil t,llis c*l:irity and 
intr:isit.y t i t '  tl:p swi:t~l A< Irii!ig ii:w tci t!,p moist, nir. 
011r v o  ; ! 1 !~l:irtc. !I t s:k t is f :IC-* ! . i i  \i-i t.i I t 1 ! c si t u ii  t io:i wns ilis- 

oiir e:i:s the r~gdiii.ly w~:iirriii~ .'sqiw:?.i~, creak, srlueilli, 
ci.~;i..i" of  t i  winil!i i i i l .  ' 

,1'!1r s : ~ n  -A-;I< ~ i ; ~ t .  l i p  y1.t. hiit  n.Ircal-ly the iiinriiitig light 
m i s  l:(~,;i!~:iii:g t.,.i 1w t l i i fuwi l  tlirc~ugh the gulf of SUS- 
peililecl iiioist.ui c! i i i  wl?icli \\-e wrre trawling. \Ye W'CI'~  
wat,rhinay int,e.nt,ly nvor t>lie bnslcet. edge, when swiftly :t 
p:i.tc!i nf snii:ctr!lirig wliite sliot: 1 w I i i u -  witti ciizzy specc1, 
: ~ r i ( l  t!ien a.not.lier, :ind niiotlier. '' Wat.er" soiiie one 
suggested. * '  C~loucls," suggested the niet,eorologist., tulcl- 
ing with the foresight of his profession that i t  was un- 
usud  to see that type of cloucls so low. Nevertheless, 
there thex were-long, wavy lines of white clouds. The 
statoscope s1iomw-l that  we were falling, a fa.ct which, 
in itself, was not of great consequence. But  just a t  
that  nionient the balloon gclve a hcave and a jerk. A 
fence post was wliisked olf its feet, a.nd we went 011. 
Here was a corniield, wit,li lines of partly melted snow 
between the rows. Tlie c1ra.g-ro ,e was whipping; omr the 

round, yet tlie a.lt.imet,er renc I 1,200 feet. J%it,Iier we 
Eacl come into territory \-cry mucli liigher tlian Fort 
Omaha or our altiniet,er hac1 sufl'erecl like the barograph 
in t,he getaway. A bag of sand overboard sent us hac.k 
into the fog. Tlie pilot reset! tlie altimeter by a.bout, 1,100 
feet and we felt considerably easier concerning our &i- 
tude. 

By this time the sun w.ns rising, and 1rit.h its appear- 
ance we were permitted to witness such n scene of beauty 
as no one can dream of who has not esplored the wonders 

nlooll. 

t . l l ~ 1  :tal 1 , 1 ! :I>;(* T t.r. n.1 i c!i t 1 CI~..I 11:' CI ii t igr !.(>LlSl>- I I C ~ I  r t.0 

of the up er air. It was such a 
scene as d&terlinck might! eniplop in transportin a inor- 
tal to mother world. Below lay a gcntly un d ulafing 
sea of fog, soft as down ancl delicately tinted as mother, 
of-pearl. Above, with ap )&rent motion scarcely per- 

rising sun, and e w r  varying in iridiscent splendor. 
Tlie upper clouds were beginning to dissipate under the 
sun's rays, and. ns they inelbed awiiy, the sun itself 
burst forth castino the balloon's shaclow far away onto 
the fog bank, an8 gave the fog below a softer, rosier, 
more vaporous appearance. The fog, also, was begin- 
ning to succumb to the morning heat. 

Our hopes for a little while were high, thinking that 
tlie f w  would short,ly be dispelled by the rising sun. A 
little gird cmie winging out of tile mist like the clove 
to t,he t.ravelers in tlie ark. Aft.cr it short visit, lie re- 
turned to the void beneath arid was not scen again. I n  
t,he southeast arid south appcnrccl a great blue bank of 
t.hreateniiig stra to-cumuli. They were approaching us, 
or we therii, a.t, a. t.errific speed. This occ.urred a t  7:% 
and w-ns nccompanieil by a r o t h o n  of the balloon in 
such a iiiaiincr that  t,lie sun, instead of being on our 
riglit,, w:ts now on our left. indicating, perhaps. t1ia.t we 
were fsciiig tlie sout.liwest, wlierens, but a fern niiiiut,es 
beforc, we had been fwing the nortlienst. In  a short 
time the sun wns  obscured hy the onrus!iing cloucls, 
ancl in the clear space between tlie sniooth-to >ped fog 

more coniglctely isolnterl from the worlcl or any sign of 
life. 

Tliers is n phase of frce ballooning upon which it seems 
difficult. t.o get, light) frotii 1mll.oonist.s; namely, does the 
trail-rope tl angl.iiig froiii the sidc of the b d W t  afford 
a11 nsis  of rotation for the halloon't Apparently it does. 
For exaniple, when the hnlloon is released, i t  is gcnernlly 
so t.urneil that the trail-rope is on the windwrd side 
of the basket. It has been noticed that when tlie hal- 
loon esperirnrea a changc of tlirtwtion the trail-rope con- 
t inues to follow the lx~lloon ; or, more precisely, that  the 
ent.ire hidloon t,urns in such a iiianner thnt. tlie rope is on 
the side from which the wind is blowing. Or, if the lower 
end of the trail-rope is in n wind of dXerent direction, 

nps the rope will remain on tlie side of tlie basket 
Pcrl1 roni which the wind is 1)lowing relatke to trlie wind below. 

When the sun rose, we were facing tlie northeast 
:i.lt.hougli the balloon W ~ . S  proba.bly niov ing. slowly toward 
the nort,Iiwest. TIie espansion and heating of the gas 
carried us up and ~roliably into a iiew current, for a t  
7: 30 we experience( I a cloclwise rot,ation through about 
2 1 w ,  ns indica.ted by the position of tlie sun, so that we 
now fncecl the west-southwest. We were now trareling 
rapidly, prohddy still from tlw southeast.. 

All hope of the fog lifting was now abandoned and a 
landing was iniperative. Being entirely iwioraiit of 
our position, liowever, the ralving hac1  to Tk effectacl 
w r y  tlclicmtdy. We cmic clown s l o ~ l y ,  uimblr? to see 
blie elid of tho trail-rope, so dense was the fog. We felt 
tlio rope touch, m c l ,  in tt nionirnt? pnkhes of snow were 
sceii to slip hclm\- with slnrniing rapidity. We came 
low enough. to sce that we were ovcr ice. Aftorward we 
le~rnrt l  t1ia.t i t  was Lake Andes, which has a surface of 
o w r  30 square miles. Ballast mas thrown so that wo 
wwe soon hack in tlie fog. In a fow minutes a secrond 
niid more suncessful ntksmp t t,o lniicl w:ts made. This 
t.imo we iiliintified n straw stn.l:k ani1 n fc1icc.e and began 
a vary rnpicl descent. Within 150 feet of the ground 
there occurred whnt seemed to lje it coniplote reversal 
of wind direction, for what we lmsumod to be the same 

It defies description. 

ceptible, floated a layer o z alto-cumuli opaled by tlie 

and the layer of stmt,o-cuniuli we found ourse 1 ves once 
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straw stack we had seen the nionieiit beforo came rush- 
ing beck at, US. This point is not clear, how-evttr, a.ud 
thero is a dilference of opinion among the niemhers of 
tlie y t y .  About half an hour after we lanilotl. n 
tliunc erstorni broke upon us, giving a heavy precipitn.- 
tion of rain. snow, and hail. The wind during the oc- 
currence of the heavy precipitation seemed to coine 
froni the east-soutlxwt. It is Iossible that we were 

this niny have been responsil)le for the capricious coli- 
duct of the balloon just before Itinding. 

It may seen1 that this discussion of our prolmble pntli 
is based upon ratlicr uncertain evidence. Yet, in spite 
of the fact, I feel very conficlent of tlie conclusions. Ap- 
parimtly tlie distance traversed by the balloon was 
about 400 kilometers. This yields a.n average speed of 
about 30 mct.ura per second. About 13 hours after the 
journey hegaii, the Dresel, Nehr., Aerological St,ation 
obtained H wind of 31 meters pcr second from the south- 
soutliwest a t  nn altitude of 5130 meters. Wind s weds of 
froni 10 t,o 15 meters per seooncl were recortlcd a t  the 
lCllendalcs, N. Dtdi., Aerologicnl Station (luring the time 
that w-c were in the sir, altliou4i we do not h:xvc d:ita 
from that st.atiim for the ulti tucTes a t  wliicli the balloon 
rode. The projecrtion of our path, then, seems entiraly 
in accord with all tlie ohsciTecl phenomcna of the trip. 
There is a very decided clinrni about being suspended in 
the air, espcc‘ially when one is uncertain a s  to his loca- 
tion, niid when one does iiot know his speed. This 
journey did more than provide those thrills; it enabled 
us to  rictuallv pcnet,rnte and become a part of tlie wind 
circulation of a stsrong cyolone.* 

caught in the squall :thoad of t h e t!iunderst,orni, snc-1 

WEATHER DURING SOME NOTABLE AIRSHIP VOYAGES. 

(1) I n  an account of the 4,500-mile trip of the Gar- 
man Zeppelin, I, 5 9  froni Bulgaria to the Sudan a i d  
return, one of the crow niakes the following mention of 
.the weather: 

“ While we esperiencecl on tlie afternoon of November 
23 [1917], a t  m i  dtitude of 7,500 feet [over the Libyan 
desert south of the oasis of Farafrah], a temperature of 
32’ C., and wore tro >ical uniforms, ten hours later 
we liad to put on our leatlier suits, as the temperatme 
had clrop~ecl to 13’ C. [near (‘4) the Nile Delta].”- 
Abstract E roni A4viation, Mar. 1, 1919, pp. 158-158. 

(2) In a trip of a large dirigible from Rome to Eng- 
land, October 29 t,o November 1, 1917, niucli unfavor- 
able weather wns encountered. From Rome to Marscilles, 
‘ very bumpy wen t h r  was esperienced over clivi ta 

*The meteorological resultsol the Elchts of two balloons slartiw from Fort O N s h 3  
at the same time one at.teru tiug to hold an altitude of 5 . h  feet. and the other IIJ,II& 
feet, will be published in a l%er issue of the HEWEW.-ED. 

Vttccliia [west coast of Italy], tind lntsr on a rainstorm 
W:~S encou1itcre.d.” I n  thc stnge from Mnrsoilles t.0 Pnria 
L L  there was a heat1 wind against whioli t,liay iiiatlc poor 
Progress.”-~~bstrttct from Aviation, hlar. I , 1Pl9, pp. 

(3) *.In spite of encountering rain, high wiiirls, snow, 
and estreriialy low toniperatnrtns in cruising u am1 
tlown t.hc [i~tlniitic;l coast ,of tlic .[Init,od ~tnteu]. ’ L I ~ U -  
ary 26--’7Y, 1919, Ensiyn C’ VI‘. Tp.nrld1 estn.hlisliet1 a 
new enclurance recmrc~ ?or ti;o iionrigic1 type of t loon, 
reniainiw alof t. for 33 lioiirs a.iitl 6 minu tes.”-AeriaI 
Age Wechy, Mar. 3, 1919, p. 1365. 

(.4) A record airship ~uj-agc,  and what is described 
as one of tho niost notahlc! cruiscs ever undcrtaken by 
a.irship, w\’ns anconiplislied ovw t ho  Xorth Sca by N. 8. 
1 1 ,  one 01 tlie British noli-rigirl t,!-p. The voya.ge took 
tlie form of a airouit., which embriiwd the c0ast.s of Don- 
mark, Soliles~~-i~-IIolutc.ili, Hi~lipo!:inrl. Korth C;erniany, 
niid Hollnnc-I, tint1 the most unfnnxublc? v:enthr condi- 
tions were met wi.it.11. Tlit? totnl longth of thi! round trip 
wi.s 1 ,%s milos, and tbc t.inic3 occiipiwl W ~ I S  

‘“Plie iinportctnt puiitt8 nhout. taliis crnist! is not, only 
the tlist,aucc covered nuci the loilg t l m \  t h ~ s s c ~ l  ~ ‘ n s  
w.fIout, but her airwi)rt,liiiirss in coliilitions of til(? mod, 
trying nharaatcr. Starting from the Firth of Forth a t  
3.45 p. in. on hlnrch 1Y, tlio first 2Sr) milns w’cre coverutl 
easily with only n clepartiiro of about :I mile from her 
course. Gratlunlly the wind grew st,roiig-r ant1 rougher, 
and wli(!n om! engine hrolw i1ov:ii it. sc?cmrrl ilnul) tful 
whetlier the ship coulcl rtw.h tlic? Ehglisli const. When, 
howev(tr, it  did fiiially ronch tlie nort,h fnrc.lnnrl, petrol 
was running short owng to the necessity of running at  
full power earlier in the voyage, and one ciimiiic only 
was running, this on five cyIinders out of s i 2  ’--~ero- 
nautics, Mar. 27, 1919, p. 335. 

(5) The ntivnl dirigible CL5. which made a successful 
flight from Mont,a.uk Point t.o St.. Johns, Newfoundland, 
W1.y 14-15, remained in the air cont,inuously for 25 
liouis and 40 minutes. This flight of 1,115 niilcs nearly 
egualerl the aLove record for non-rigid airships for bo t,ai 
dist,iince col-ereil without a sto 1. hi sptviking of . t.hc 
flight, Lieut. Conimaiider E. W. I‘oil said : *‘ Our troubles 
sttirted just aft,er midnight, when the sky became o ~ e r -  
cast. Before then we l i d  been fl -ing uiirler a full niooii 
a t  mi cilltitucie of 1,000 feet. w e  lost, our ~mir in(s  wliile 
n 1 oaching Litt,le Miquelon Island, off the sou8i coast 
$R;g~~oulldlii.iid, about 170 niiles from St,. John’s. Wc 
made a ‘hiidfall’ a t  St.. Pierre, * * * [iund w.ent] 
‘cross lot,s’ t,o * * * St. John’s. * * * There 
uws consitlcruble fog, but it, did not brouble us.” A 
perfect landing was made. Later, t,he clirigilh breaking 
away a second t,iliie in n crusty ~ i i i d ,  drifted out. to sea 
and was lost~.-Ahst.ract. Go111 Aerial Age Wc~c~lil~, May 
PG, 1919, p. 533; and Aviation, et,c., June 1, 1919, p. 
475-4’76. (Further notes will appear in the May ]!E- 
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